Matrix metalloproteinases (MMPs) are cell-secreted soluble and membrane-tethered enzymes that are capable of degrading extracellular matrix proteins, but also can process a number of bioactive molecules. They are involved in the cleavage of cell surface receptors, but are also thought to play a major role on cell behaviors as well as in diverse physiological and pathological processes, including embryonic development, wound repair, inflammatory diseases, and cancer. For these reasons, it is obvious that a control over MMPs activity is highly desirable. Consequently, the frantic search for new inhibitors has been coupled to the development of high-throughput methods able to rapidly screen the effect of possible MMP inhibitors on the activity of these enzymes. In this scenario, solid-state-based methods play a major role because of their compatibility with array formats that are able to extract more information from smaller sample volumes and offer some important advantages that are not available in the standard solution assays. In this work, the catalytic domain of MMP-12 was immobilized on a gold substrate and the surface coverage was measured by FT-SPR experiments. A new experimental procedure was developed to freeze-dry the anchored molecules and their activity was measured by ESI-MS. The kinetics parameters obtained for the immobilized enzyme are in good accordance with those reported for similar systems in solution. Inhibition of the immobilized molecules was also carried out, demonstrating the applicability of the method for rapid screening of MMP inhibitors. (J Am Soc Mass Spectrom 2007, 18, 961-969)
R ecent advances in enzyme engineering and discovery have created new demands for methods aimed at rapid and reliable evaluation of enzymatic activities as well as chemical screening of enzyme inhibitors [1] . In particular, a number of recent papers have highlighted advantages offered by assays that use solid-state supports and are compatible with array formats [2] [3] [4] . Such formats extract more information from smaller sample volumes [5] and offer some important advantages that are not available in the standard solution assays such as i) the possibility to recycle the studied enzymes; ii) a tag-free working environment that allows simple and rapid on-spot protein profiling [6] ; iii) rapid throughput [7] ; iv) improved discovery of protein binding partners through protein-affinity interactions [8] ; and, most important, v) a multiplexed approach for the investigation of enzymes, allowing the coupling of different techniques such as, for instance, surface plasmon resonance (SPR) and mass spectrometry (MS) [9, 10, 11] .
Matrix metalloproteinases (MMPs) [12] are a family of zinc-dependent endopeptidases that play a fundamental role in normal and pathological processes, including embryogenesis, wound healing, inflammation, arthritis, and cancer [13, 14] . It is clear today that while in vivo the degrading actions of MMPs are limited by the tissue inhibitors of metalloproteinase (TIMP) family of natural macromolecular inhibitors, in diseases such as cancer MMPs are often overexpressed [15] . For this reason, only very recently, a huge effort has been put toward the development of inhibitors able to selectively target MMPs for therapeutic intervention in a variety of pathological events [16, 17] . The ability to monitor MMP activity plays a pivotal role in the search for possible drugs [18] and the development of new solidstate assays for a rapid evaluation of MMPs activity is of great interest. MMP activity is mostly determined by using spectrophotometric assays [19, 20] . Such solutionbased methods suffer from inconveniences such as the inner filter correction [21] and the impossibility of recycling the MMPs for different analysis. Moreover, they require a fluorescent tag to be present in the substrate.
Recently, a solid-phase assay for analysis of MMP activity has been proposed, although a fluorescence tag in the substrate was still necessary to detect the activity [22] . One of the techniques useful for detecting the activity of MMPs that does not need the presence of any fluorescent tag is electrospray ionization mass spectrometry (ESI-MS). The important contribution of mass spectrometric methods in the study of the structurefunction relationship of proteins and enzymes has recently drawn increasing interest by the scientific community [23] [24] [25] , but problems related to the presence of buffer solutions, necessary when one has to deal with proteins, has limited this application of ESI-MS [26, 27] , whereas matrix-assisted lased desorption (MALDI)-MS was considered appropriate for proteome analysis [28] and to be combined with biomolecular interaction analysis and SPR studies [29, 30] .
A new strategy to identify general enzyme inhibitors and monitor enzyme activity by SPR combined with MS has been demonstrated [11] , but every attempt to study MMPs by SPR has been carried out by anchoring the possible inhibitor and keeping the MMP molecules in the liquid phase [31, 32] . Only very recently, a different procedure has been described [33] , according to which it is possible to immobilize the human MMP-1 catalytic domain (cdMMP-1 hereafter) on Au (111). Activity of the immobilized cdMMP-1 was estimated by the use of ESI-MS and, although some kinetics parameters for such enzyme were obtained, the errors associated with those measurements were relatively high, mainly as a result of the difficulty in handling the gold surfaces after the enzyme immobilization. The main problem associated with the above-mentioned method was that the drying of the functionalized gold surface usually led to a loss of the enzyme activity. To avoid this, the initial peptide concentration on the surface was not easy to control because of the inevitable dilution occurring during the spotting process onto the wet surface. For the same reason, the volumes used (100 L of solution for each peptide concentration) were not as small as desirable.
A method based on the in situ tryptic digestion and atmospheric pressure (AP) MALDI-MS analysis of MMPs immobilized on solid supports was also described [34] , allowing the characterization of MMP arrays.
In this work we propose a new methodology for monitoring the activity of protein molecules anchored and freeze-dried on Au (111). The human MMP-12 catalytic domain (cdMMP-12 hereafter) was covalently immobilized on the Au (111) surface and freeze-dried by an experimental procedure that allows the enzyme to maintain its activity even in dry conditions. On the new functionalized surface many different peptide substrate solutions at different concentrations were applied, using a specially designed mask made of polydimethyl siloxane (PDMS) polymer and the activity of immobilized cdMMP-12 were measured by using a solid-state assay based on an ESI-MS approach.
Experimental

cdMMP-12 Cloning and Purification
The cDNA encoding the cdMMP-12 (Gly106 -Gly263) was amplified by a polymerase chain reaction (PCR) from IMAGE consortium clone (ID 196612) using two synthetic oligonucleotides as primers. The cDNA obtained was cloned into the pET21a vector (Novagen) between the restriction sites NdeI and BamHI. The single amino acid substitution, to obtain the F171D mutant, was created using the QuickChange™ SiteDirected Mutagenesis Kit from Stratagene. The construct was transformed into the BL21Gold (DE3) strain for expression of recombinant protein. The cells were grown in 2ϫ YT media at 37°C. The protein expression was induced during the exponential growth phase with 0.5 mM IPTG (Isopropyl ␤-D-1-thiogalactopyranoside). Cells were harvested for 4 h after induction. After lysis of the cells the inclusion bodies, containing the protein, were solubilized in 8 M urea and 20 mM sodium acetate (pH 5.0). The protein was purified on the Hitrap SP column (Pharmacia) with a buffer containing 6 M urea and 20 mM sodium acetate (pH 5.0). The elution was performed using a linear gradient of NaCl up to 0.35 M. The purified protein was refolded by using a multistep dialysis against a solution containing 50 mM Tris-HCl (pH 7.2), 10 mM CaCl 2 , 0.1 mM ZnCl 2 , 0.3 M NaCl, 500 mM acetohydroxamic acid (AHA), and decreasing concentration of urea (from 4 to 2 M). The last two dialyses were performed against a solution containing 20 mM Tris-HCl (pH 7.2), 5 mM CaCl 2 , 0.1 mM ZnCl 2 , 300 mM NaCl, and 500 mM AHA. The refolded protein was concentrated up to 50 M using an Amicon stirrer and Centriprep concentrator, fitted with a YM10 membrane at 4°C.
Immobilization of cdMMP-12 on Solid Support and Freeze-drying Procedure
Reagent) [0.0097 g in 2 mL of Dimethyl Sulfoxide (DMSO), Sigma-Aldrich] for 48 h under inert athmosphere. The surface so treated was washed with pure DMSO and high-purity water (Milli-Q Element Ultrapure Water) and could react directly with cdMMP-12. N-(2-Hydroxyethyl)piperazine-N=-(2-ethanesulfonic acid) (60 L) and sodium salt (0.01 M HEPES, 0.15 M NaCl, pH 7.4. HBS-N, Biacore International AB) (HBS-N buffer hereafter) were mixed with the appropriate volume of protein mother solution to obtain a final concentration of 4.5 M. This solution was then left in contact with the pre-functionalized gold surface for about 30 min. After the anchorage of cdMMP-12, the substrate was washed with HBS-N buffer. This procedure provided a surface coverage of about 4 ϫ 10 13 molecules cm Ϫ2 (determined by FT-SPR; see next paragraph). The HBS-N buffer has been verified to be the best buffer to be used to anchor the cdMMP-12 molecules to the gold surface, preserving their activity.
The freeze-drying procedure of the so functionalized gold surface cannot take place in such a buffer because the presence of salts on the dry surface would present problems in the following stage involving the adhesion of a PDMS mask to the gold surface. This is a necessary step to produce a surface arrayed with the holes that contain all the different peptide solutions in a controlled way. For this reason, the gold substrate was rapidly washed (about 3 s) in high-purity water (Milli-Q Element Ultrapure Water) and then rapidly immersed in liquid nitrogen, while the surface was still wet with a layer of water. The chip with a layer of frozen water was located on top of an ice block inside a beaker. At this stage, the beaker with the frozen functionalized gold chip on top of the ice block was ready to be put in the freeze-dryer apparatus (LABCONCO), where it was left for about 12 h. After the lyophilization process, the chip looked slightly opaque because of the presence of some residual salts on the surface. To have a totally shiny surface the rinsing with water has to be prolonged, but we found that the activity of the anchored enzyme is compromised in the case of an absolute salt-free surface. The presence of salts on the dry gold surface can be controlled by the time of the rinsing and 3 s was found to be an appropriate time to have the right amount of salts that preserves enzyme activity but does not hinder the adhesion of PDMS with the surface.
Immobilized enzyme activity assays were replicated on freeze-dried chips stored at ϩ4°C for up to 2 weeks. No significant alteration of the cdMMP-12 activity was detected within this time interval.
PDMS film (1 mm thick) was obtained from a 1:10 mixture of PDMS curing agent and prepolymer (Sylgard 184, Dow Corning, Midland, MI, USA). The mixture was degassed under vacuum, poured onto a flat surface to create a layer with a thickness of about 1 mm, and cured for at least 2 h at 60°C. The PDMS film was then pierced to create an array of 2 mm in diameter holes. The obtained PDMS mask was then treated with piranha solution (3:1 mixture of sulfuric acid and 30% hydrogen peroxide) for 15 s to increase the wettability of its surface. This latter step allowed a perfect adhesion between the PDMS mask and the freeze-dried surface as it is recognizable from Figure 1. (Warning: piranha solutions should be handled with caution because they can detonate unexpectedly.)
The peptide substrate used to monitor the activity of cdMMP-12 (Biomol International, Philadelphia, PA, USA) is a known fluorogenic substrate for MMPs having the sequence Ac-Pro-Leu-Gly-[2-mercapto-4-methyl-pentanoyl]-Leu-Gly-OC 2 H 5 (P125 hereafter) [35] , whereas N-Isobutyl-N-(4-methoxyphenylsulfonyl)glycyl hydroxamic acid (NNGH; Biomol International) was used as cdMMP-12 inhibitor [36] .
Fourier Transform-Surface Plasmon Resonance (FT-SPR) Experiments
FT-SPR experiments were carried out by using an FT-SPR 100 (GWC Technologies, Madison, WI, USA) apparatus. The light beam from an external port of a Nexus 870 FT-IR spectrometer (Nicolet, Madison, WI, USA), equipped with a quartz-halogen source and a XT-KBr beam splitter, was used as the near-IR source of the FT-SPR. Gold substrates (GWC Technologies) were obtained by thermally evaporating a gold layer (450 Å) on to SF-10 glass slides (Schott, Elmsford, NY, USA). Chromium (50 Å) was used as the adhesion layer. Gold substrates were brought into optical contact with the SF-10 equilateral prism present in the FT-SPR by using After the freeze-drying process a mask of PDMS is made to adhere to the gold surface. The amount of salts on the dry gold surface has to be accurately controlled: whereas a large amount on the dry surface makes the adhesion with the PDMS mask impossible, a too small amount of salts affects the activity of the anchored cdMMP-12, making the enzyme almost totally inactive. The figure shows the spotting process in one of the 25 arrayed holes, adjacent to another filled hole on the left side. a refractive index matching fluid (Cargille Laboratories, Minneapolis, MN, USA). FT-SPR experiments were carried out by using a 60 L flow cell (GWC Technologies) and a Masterflex L/S (Cole-Parmer, Vernon Hills, IL, USA) peristaltic pump.
The FT-SPR sensor response was converted into refractive index changes by using independent sucrose aqueous calibrating solutions (r 2 ϭ 0.999). The refractive indexes of the sucrose solutions were obtained from the literature [37] . The method used to estimate the number of cdMMP-12 molecules anchored on 1 cm 2 of gold surface is already described elsewhere in detail [33, 38] .
Electrospray Ionization Mass Spectrometry (ESI-MS) experiments
All the ESI-MS measurements were carried out by using a Finnigan LCQ DECA XP PLUS ion trap spectrometer operating in the positive ion mode and equipped with an orthogonal ESI source (ThermoElectron Corporation, San Jose, CA, USA). Sample solutions were injected into the ion source at a flow-rate of 10 L min Ϫ1 , using nitrogen as drying gas. The mass spectrometer operated with a capillary voltage of 46 V and a capillary temperature of 200°C, whereas the spray voltage was 4.3 kV.
The Xcalibur software was used for the elaboration of mass spectra and for the quantitative evaluation of the MS data.
According to several other quantitative studies [39, 40] , the unavailability of an internal standard for the analysis can be overcome by the use of a calibration curve. To prepare stock standard solutions, 0.0006 gr. of P125 were weighed and dissolved in 1 mL of HBS-N buffer to generate a solution 914 M that was further diluted to generate calibration standards, covering the concentration range of 10 -1000 M. Eleven calibration standards were used to define the calibration curve (10, 100, 130, 151, 230, 270, 350, 402, 450, 503, 950 M) that was always obtained the same day as the rest of the other activity measurements. Three quality control (QC) standards (230, 402, 503 M) were also used for intraday validation showing a %CV Ͻ5%. Aliquots (7 L) of different solutions of P125 in HBS-N buffer were spotted on the surface of the cdMMP-12-modified gold surface, each of them in a different hole of the PDMS mask (see Figure 1) . To compute the enzyme activity by ESI-MS, 0.5 L of the peptide solutions were sampled from the surface at time 0 and after 5 min [41] [42] [43] . After addition of 100 L of methanol the resultant solutions were injected into the ESI-MS apparatus for quantitative analysis. Experiments were independently replicated from three to five times.
The P125 peptide was represented in the ESI-MS ϩve ion spectra by one peak at m/z 678.7 (mono-sodiated ion, Figure 2 ), so the screening of the peptide concentration was carried out by monitoring the intensity of this peak and all calibration curves showed good linearity (r 2 Ͼ 0.98) over the concentration range. To obtain high-sensitivity spectra, P125 solutions were injected as 25 L aliquots into the ESI-MS apparatus and data were recorded in SIM mode (centre m/z 678.7 and width 50 Da).
By setting the base peak at m/z 678. Figure 2 . ESI-MS spectrum of P125 in HBS-N buffer. The peak at m/z 678.7 attributed to the monosodiated ion species is visible together with many other peaks generated from species present in the HBS-N buffer (see also Supplementary Material (which can be found in the electronic version of this article.). The assignment of such cluster peaks is reported in Table 1 , whereas an example of the experimental isotopic abundance recorded for the cluster peaks generated by the SO 3 H(NaCl) 12 species is also shown in the insert.
approaching a rectangle, the integral of which was proportional to the concentration of the peptide solution injected. As mentioned in the previous paragraph, P125 solutions were injected into the mass spectrometer after dilution with methanol (0.5 L of buffered solution in 100 L of methanol). For this reason, four different measurements of 25 L injection of the same P125 solution were possible and the average of these values was taken as the real P125 concentration. The procedure by which we detect the concentration of P125 solutions in HBS-N buffer by simply adding methanol, without any purification step, gives rise to a series of other peaks in our mass spectra (see Figure 2) . A diffuse attitude for a mass spectrometrist is to think that such added peaks could cause problems by interfering with the molecular peak that has to be monitored. Despite the large amount of literature aimed to find ways of suppressing the peaks coming from the buffer [44, 45] , we found that, in this case, the intensity values of the molecular peak at m/z 678.7 were repeatable as long as the buffer solution always had the same amount of NaCl dissolved. For this reason we always used the same buffer and particular attention was given to avoid evaporation of the solvent from the solutions. Furthermore, all the series of cluster peaks in the recorded ESI-MS spectra were assigned (Table 1; MS/MS investigations were in some cases carried out, data not shown), so that it was possible to identify also those peaks at m/z 360.4 and m/z 408.4 correspondent to the peptide fragments generated by the action of cdMMP-12 on P125 (see Figure 3 and Table 2 ). Nevertheless, monitoring the decrease in the intensity of the molecular peak at m/z 678.7 was preferred for the enzyme activity measurements to the increase of the intensity of the peaks generated by the peptide fragments because the latter did not follow a linear intensity trend. The different trend was probably attributable to Table 1 . Assignment of the peaks generated by HBS-N buffer solution as revealed by ESI-MS (the positive charge is omitted for simplicity). The abundance of peaks is generated because of the formation of NaCl clusters with the N-(2-Hydroxyethyl)piperazine-N=-(2-ethanesulfonic acid) and with the sulfonic acid. Isotopic distributions of the peaks with a relative intensity value Ͼ 5% are also reported.
HBS-N buffer species
Isotopic distribution (m/z) 4 514.9-515.9-517.0-517.9-518.9-519.9-520.9 SO 3 H(NaCl) 8 544. 5 572.9-573.9-575.0-575.9-576.9-577.9-578.9 SO 3 H(NaCl) 9 602.6-604. 8 746.9-748.9-749.9-750.9-751.9-752.9-753.9-754.9-756.9 SO 3 H(NaCl) 12 777.5-778.6-780. The peak at m/z 678.7 attributed to the monosodiated ion species is no longer visible, whereas new peaks assigned to the P125 fragments appear in the spectrum (see text for their assignment). Because of the high amount of cluster peaks appearing in the mass range m/z 200 -400, the kinetics measurements were carried out by following the decrease of the peak at m/z 678.7 as discussed in the text. In the insert an example of the isotopic distribution for the low-intensity cluster peaks assigned to the (HOCH 2 CH 2 NC 4 H 8 NC 2 H 4 SO 3 )Na 2 (NaCl) species is also reported.
interference with buffer-and salt-generated ionic species mentioned above, which are numerous in the peptide fragments mass range (m/z 200 -400). It is worthwhile to note that these considerations represent a further proof of the utility of the ESI-MS approach to the study of ion cluster formation, as it is copiously reported [46 -48] . MS/MS scans were acquired using an isolation width of 5 m/z, activation q z of 0.250, activation time of 30 ms, and normalized collision energy (NCE) in the range 30 -40%, dependent on the ion. [NCE is the amplitude of the resonance excitation RF voltage scaled to the precursor mass based on the formula: RF amplitude ϭ {NCE%/30%} (precursor ion mass ϫ tick amp slope ϩ tick amp intercept), where the tick amp slope and tick amp intercept are instrument specific values. For our LCQ Deca, 35% NCE for m/z 1000 ϭ 1.8 V.]
Results and Discussion
It is known that a critical aspect of solid-state MMPs activity assay is represented by the proper preparation and maintaining of the modified gold chip surface [33] . A too-dense packing of the anchored MMPs affects the enzyme activity whereas lower surface coverage is not suitable for reliable ESI-MS detection. The negative influence of higher surface packing of uninhibited MMPs can be attributed to the autolytic cleavage of the enzyme molecules [49] . In our approach, the quantitative responses of the FT-SPR shift with solutions having a known concentration of cdMMP-12 (data not shown) were used to find that a surface coverage of 4.2 ϫ 10 13 molecules/cm 2 was adequate for an ESI-MS kinetics assay of cdMMP-12 anchored and freeze-dried on gold chips.
The ϩve ion ESI-MS spectrum of the P125 substrate peptide (MW ϭ 655 Da) showed a peak at m/z 678.7 attributed to the mono-sodiated [P125ϩNa] ϩ species (Figure 2) . When P125 solutions remained in contact with the cdMMP-12 anchored onto the gold chip surfaces new species were generated. The cdMMP-12 cleavage of the substrate generates two fragments [50] (the assignment reported in Table 2 was confirmed by MS-MS experiments) detectable by ESI-MS at m/z 360.4 and 408.4 ( Figure 3 ). All the peaks coming from the HBS-N buffer are around the 200-to 500-Da range and they were assigned as reported in Table 1 . For the reasons mentioned in the previous section, ESI-MS data for the quantitative evaluation of the progressing of the cdMMP-12/substrate reaction were obtained by monitoring the decrease in the m/z 678.7 peak intensity.
The calibration curve generated from standard solutions (see the previous section) allowed us to convert the m/z 678.7 peak intensity values into peptide concentration ([P125]) of the different aliquot samples.
Preliminary experiments were conducted to obtain a representative progress curve to be used to determine the optimum enzyme concentration and reaction quenching time for the kinetics measurements [41] [42] [43] . The curve were obtained by plotting the amount of cleaved P125 versus time when 25 L aliquots having three representative concentrations of P125 (100, 250, 400 M) in HBS-N buffer were put in contact with the cdMMP-12 modified sensor chip surface, and 0.5 L aliquots were sampled every minute. Every aliquot was then added with 100 L of methanol and 25 L of the resultant solution was injected into the ESI-MS apparatus. This large dilution of the original aliquots was found to be necessary to avoid capillary obstruction and high spray current values. The 25 L volume of the initial solutions spotted onto the gold surface arrayed with the PDMS mask was chosen to allow the multiple sampling from the same peptide solution, a necessary step for the construction of a progress curve. The working volume could then be lowered to 7 L when only two sampling operations had to be carried out (at 0 and 5 min; see below) for the kinetics measurements. From Figure 4 it is possible to verify that for reaction time Ͻ 8 min the curve obtained can be approximated to a straight line. An optimal reaction time of 5 min was determined with a substrate conversion of roughly 55%. Because the chosen optimal reaction time resided in the linear region of the progression curve, the initial velocity (V i ) was simply calculated by dividing the difference between the ESI-MS determined P125 amounts at t ϭ 0 min and t ϭ 5 min by the reaction time.
It was previously demonstrated that MMPs follow a Michaelis-Menten kinetics [51] A representative Lineweaver-Burk plot for the reaction between the P125 and the cdMMP-12 immobilized onto the gold chip surface is shown in Figure 5 , whereas in Table 3 the final kinetics parameters values obtained are reported. It can be seen that the K M and V max values obtained for cdMMP-12 immobilized on Au (111) and freeze-dried (Table 3 ) are in a reasonable agreement with values reported for the interaction between MMP-12 and the P125 substrate interaction in solution [52] . Differences between the values are a consequence of the higher number of enzyme molecules per substrate molecules required for the proposed ESI-MS activity assay compared to the usual enzyme/substrate ratio used in spectrophotometric methods. It is also worthwhile to note that only the catalytic domain of the MMP-12 is here under study.
The advantages offered by the freeze-drying procedure can be evaluated by comparing the above-presented results with those obtained by replicating the above-described procedure without the freeze-drying step. The average K M and V max values obtained in this case (K M ϭ 2332 Ϯ 1537 M and V max ϭ 15 Ϯ 10 pmol s Ϫ1) differ significantly from the reference values. Moreover, independently replicated experiments produced more scattered data (%CV ϭ 65%) with respect to the freeze-drying procedure (%CV ϭ 20%). The same experimental procedure was carried out also after inhibition of cdMMP-12 by NNGH inhibitor. A lack of activity by cdMMP-12 with P125 was observed ( Figure 6 ). The same result was obtained in two different cases, where cdMMP-12 incubation with NNGH was carried out before or after the enzyme immobilization. It is possible to note that the dispersion of the data is smaller for the cdMMP-12 freeze-dried on the surface, proving a higher repeatability in this case.
a
The spreading of the data is represented by the sample standard deviation (Ϯ SD). . cdMMP-12 interaction with P125 after inhibition with NNGH. In this case, the P125 initial concentration was 450 M and it did not change appreciably with time, as it was revealed by the absence of a decrease with time in the P125 molecular peak intensity at m/z 678.7. The immobilized and freeze-dried cdMMP-12 was totally inhibited by NNGH and was not active in this case.
It is also worth noting that the proposed approach offers the possibility of evaluating the k cat parameter. This last parameter takes into account the enzyme concentration (k cat ϭ V max /E T , where E T is the enzyme concentration) and it is possible to note that the k cat ϭ 2.2 Ϯ 0.6 s Ϫ1 value obtained from our experiments is similar to the ones reported for similar systems [52] . In our case, E T was estimated to be about 300 nM by considering the surface coverage measured by FT-SPR (4.2 ϫ 10 13 molecules/cm 2 ), the area of the hole containing the peptide solution (3 mm 2 ), and the volume of the drop in contact with the surface (7 L).
Conclusions
A new methodology for activity measurements of MMPs anchored on solid support was developed. The new approach can be particularly useful in the search for new inhibitors of MMPs and, because of the anchoring of the enzyme molecules instead of the possible inhibitors, the method is very compatible with a variety of high-throughput screening methods. Specifically, the presented results demonstrate the possibility of monitoring cdMMP-12 inhibition on solid-state support. By coupling the FT-SPR and ESI-MS techniques a comprehensive study of the kinetic of inhibition and the possibility to determine the activity of MMPs is shown to be feasible.
The possibility of detecting peptide molecules in their own buffer, skipping all the extraction steps, was proved and we managed to assign all the peaks produced by the HBS-N buffer in ESI-MS, demonstrating once again the possibility of studying metal ion clusters by ESI-MS.
